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CPABHHTEJIfeHO-EHOXHMHHECKHE HCCJIE^OBAHHB B CHCTEME 
SCHISTOCEPHALUS SOLIDUS (CESTODA)-KOJIIOIIIKA TPEXHEJIAfl 
GASTEROSTEUS ACULEATUS L. 

© P. Y. BbicouKaa, E. II. HeuiKO, H. B. Eeceeea 

npoBe,aeHO cpaBHMTejibHoe H3yneHHe aKTHBHOCTH iihth jiM30C0MajibHbix TH,apojia3 (khc- 
jioh 4)oc(})aTa3bi, flHKa3bi, PHKa3bi, p-nnoK03H,aa3bi, p-rajiaKT03H£a3bi), mejioHHOH (poc- 
(paTa3bi m ajib^ojia3bi b TKaHHX napa3HTa h xo3HHHa b yctomhmbom napa3HTapHOH CHCTeMe 
uecTO,aa Schistocephalus solidus (Muller, 1776)— KOJiiomKa Tpexurjian Gasterosteus aculeatus 
Linnaeus, 1758. B 6ojibinHHCTBe cjiynaeB aKTHBHOCTb H3yneHHbix (pepMemoB b Tejie uecTO- 
jlbi 6buia Bbirne, MeM b TKaHax pbi6bi. McKjnoneHHe cocTaBjuum KHCJian h mejioHHan (poccpa- 
Ta3bl. no ypOBHK) aKTHBHOCTH H XapaKTepy BapbHpOBaHHH JIH30C0MaJIbHbIX HyKJiea3 H ajlb- 
,aojia3bi napa3HT 3HaHHTejibHO OTjiHHajicn KaK ot 3apa>xeHHoro, Tax h He3apa>xeHHoro xo3hh- 
Ha. 06cy>KaaeTCH pojib H3yneHHbix jiH30C0MajibHbix h uHTonjia3MaTHHecKHx (pepMeHTOB 
b a,aanTauHH k 3H,zxonapa3HTH3My, a TaK>xe b MexaHH3Max xHMHnecKOH h HMMyHOJiora- 
necKOH 3amHTbi xo3HHHa h napa3HTa. 


PteyneHne Shoxhmhhcckhx ocobeHHOCTew rejibMHHTa, cpaBHeHne ero o6mch- 
hhx npoueccoB c cooTBeTCTByiomuMH npoueccaMH y xo3HHHa npe^cTaBJiHeT HHTe- 
pec juin noHHMaHHH sbojhouhh ^khbmx opraHH3MOB, MexaHH3MOB H3 a^anTauMH 
k pa3HOo6pa3HbiM ycjiOBHHM cymecTBOBaHHH, Rim pemeHHH npaKTunecKHx 3a^an 
6opb6bi c rejibMHHT03aMH. 

B3aHMHan a,aanTauHfl b napa3HTapHbix cucTeMax npHBejia k ycTaHOBJieHHio jx w- 
HaMHHeCKOTO paBHOBeCHfl UeTKJiy COCTaBJIHIOIHHMH HX KOMnOHeHTaMH. IIapa3HT, 
BbiHy>K^eH npHcnoca6;iHBaTbCH k skojiothh h 6hoxhmhh xo3HMHa, b to ace BpeMH 
oh HHZiyuHpyeT OTBerayio peaKUHio Ha HHBa3Hio. 3aiHHTHan peaKUHH co ctopohm 
xo3HHHa Ha npHcyrcTBue b hcm uyacepoziHoro opraHH3Ma npoflBJiaeTCH KaK b noBe- 
^eHuecKHX, TaK h b HMMyHOJiornqecKHX h <j)H3HOJioro-6HOXHMmecKHx peaKunnx 
(Houba et al., 1979; Brombacher, 2000). DiyboKoe npucnocobjieHHe napa3HTa 
k CBoeMy xo3HHHy npHBejio k TOMy, hto ipyzmo OTbiCKaTb MopcpojiorHHecKHe, (J)h- 
3HOJTOrHHeCKHe HJ1H HHbie npH3HaKH, KOTOpbie He 6bIJIH 6bl CBH3aHbI C TOCTaJlbHOH 
cneuH(J)HHHOCTbio. YHHKanbHyio, rjiyboKyio cneuHajiH3auHio h MopcJxx^yHKimo- 
HajibHyK) npHcnocoSneHHOCTb k cpe^e obuTaHHH ^eMOHCTpnpyiOT uecTO^bi, o6h- 
TaiouiHe b nHmeBapHTejibHOM KaHajie h nojiocTHx Tejia xo3HHHa. B xo^e obojiiouhh 
npeACTaBHTejiH 3toto KJiacca yTpaTHJin KHiiieHHHK, hx noKpoBbi npeTepnejiH 
CTpyKTypHbie H3MeHeHHH npHobpejiH MHoroo6pa3Hbie (J)yHKUHH, b tom HHCJie Tpo- 
(J)HHecKyio (,ZJaBbmoB, Mhkphkob, 1988). 

PaboTa a/ianTHBHbix MexaHH3MOB Ha kjictohhom ypoBHe ocymecTBJiaeTCH 3a 
cneT KanecTBeHHbix h KOJiHHecTBeHHbix npeo6pa30BaHHH (J)epMeHTaTHBHbix chc- 
TeM. BaacHan pojib b 3aiHHTHbix h KOMneHcaTopHO-npHcnocobHTejibHbix peaKimax 
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opraHH3Ma np hh a^Ji okmt (J)epMeHTaM jim30C0m, ochobhom cpyHKUMeM kotophx hb- 
jineTCH BHyTpHKJieTOHHoe nnineBapeHne. KpoMe Toro, y 3hmonapa3HTOB ocoGbie 
yCJlOBMH MX CymeCTBOBaHMH BbI3BaJIH M3MeHeHHH B (J)yHKUHOHMpOBaHHH cpepMeH- 
tob, ynacTByiomHx b OHepreTMnecKOM o6MeHe. YnacTMe otmx (J)epMeHTOB bo B3an- 
Mo^eMCTBHH napa3MTMHecKMx nepBeM m MX xo35ieB — pbi6 BbiHCHeHbi noKa HQJXO- 
CTaTOHHo (UlMiiioBa-KacaTOHKMHa, JleyTCKan, 1979; Beis, Barrett, 1980; Matskasi, 
Nemeth, 1980). 

Uejibio HacTonmero nccjiettOBaHMfl 6biJio cpaBHeHMe (pepMeHTaraBHoro ciaiyca 
napa3MTa h xo3HMHa b ycTOMHMBOM napa3HTapHOM cncTeMe uecTOtta Schistocepha- 
lus solidus (Muller, 1776) — KOJiioniKa TpexMrjian Gasterosteus aculeatus Linnaeus, 
1758. nnepouepKOH^bi Sch . solidus (ceM. Ligulidae Claus, 1885) napa3HTHpyiOT 
b nojiocTH Tena pbi6bi, KOTopan hbjihctch ,zuih hhx BTOpbiM npoMexcyTOHHbiM xo- 
3HHHOM. Pa3BHTHe napa3HTa 3aBepmaeTCH b pbiSon^Hbix rmmax. Y npettCTaBM- 
TejieM nottceM. Schistocephalinae Dubinina, 1962 b OTJiMHne ot ttpyrax uecTOtt b 
npoMexyTOHHOM xo3HHHe HadjnoaaeTCH He TOJibKO pocT napa3HTa, ho h npaKTM- 
necKH nojiHoe (popMnpoBaHMe nojiOBon cncTeMbi. CjioxcHbin opraHoreHe3, npo- 
TeKaioutHM y njiepouepKOH^OB Sch. solidus bo btopom npoMexcyTOHHOM xo3hm- 
He, MOxceT ocymecTBJiHTbCH jiHmb b cneuncpHHecKHx ycnoBMHx cpe^bi. CaMa 
3Ta cneuH(J)HHHOCTb bo MHoroM onpe^ejineTCH B3aHMOOTHomeHHHMH napa3HTa 
h xo3HHHa Ha KneTOHHOM ypoBHe. 


MATEPMAJI M METO/tHKA 

MaTepnajiOM ^jih HCCJie^OBaHMH nocnyxcnjin c6opbi, npoBetteHHbie b Mae— mio- 
He 2000—2001 rr. b ycTbe p. JIococnHKa, BnaaaiomeM b OHexccKoe 03. b nepie lleT- 
po3aBo^cKa. Pbi6 ouiaBJiMBajin c noMombio 3JieKTpoJiOBa, TpaHcnopTMpoBajiH 
c aspauMeH b aKBapnajibHyK), noMemann b OaccenHbi eMKocTbio 12 m 3 bo^m m 
b aajibHeHiueM co^ep^cajiM npn TeMnepaiype 13—15° 6e3 KopMJieHMM. BcKpbiTMe 
pbi6bi ocymecTBJiiuiocb b TeneHne 3—9 /men c MOMema BbuioBa. Bcero nccnettOBa- 
ho 75 3K3. pbi6. Cpe^HMM pa3Mep kojhoiijkh cocTaBHJi 5.9 cm; cp ejwnn Macca 2.4 r, 
cooTHomeHMe caMOK m caMuoB 3:1. 

Uccjie^oBaHHe napa3MTOB ocymecTBjiajiocb cornacHO oOmenpMHHTbiM b mx- 
THonapa3MTOJiorMM MerattaM (EbixoBCKafl-IIaBjioBCKafl, 1985). IIommmo uecTOttbi 
Sch . solidus , yHHTbiBajiHCb m ttpyrne rpynnbi napa3MTOB. 06man 3apaxceHHOCTb 
kojiioihkh Sch . solidus no 2 roztaM cocTaBMJia 24 %. KaK npaBMJio, b o^hom pbi6e 
napa3HTMpyeT ottHH njiepouepKOM^, ho OTMeneHbi cjiynan MHBa3MM pbi6 2, 3 h 
4 3K3eMnjiHpaMM. 

X(jih aHajiH30B 6pajiM TKaHM pbi6bi 6e3 BHyipeHHnx opraHOB m nnepouepKOH- 
tt ob — uejiHKOM. HaBecKM TKaHen pbi6bi h rejibMHHTa roMoreHH3HpoBajiH b 0.25 M 
pacTBope caxapo3bi, cottepxcameM 0.001 M 3HTA, pH 7.4. Hjih onpettejieHMH 06- 
men aKTHBHOCTM (J)epMeHTOB b roMoreHaTbi ^oSaBJinjin HenoHHbiM ^eiepreHT Tpn- 
TOH X-100 B KOHeHHOM KOHUeHTpaUMH 0.1 %. TOMOreHaTbl U,eHTpH(J)yrHpOBaJlH 
npn 12 000 o 6 /mmh b TeneHMe 30 mmh Ha ueHTpncpyre c oxna^caeHHeM. B Hattoca- 

ttOHHOM XCM^KOCTM Onpe^eJIHJIH aKTMBHOCTb nflTM JIH30COMaJlbHbIX (pepMeHTOB! 

PHKa3bi, X(HKa3bi, p-rjnoK03Mtta3bi, (3-rajraKT03M£a3bi, kmcjiom (J)oc(J)aTa3bi; a 
TaKxce UHTonjia3MaTHHecKHx mejioHHon (poccpaiaabi m ajib^ojia3bi. 

AKTHBHOCTb KHCJIbIX HyKJiea3 BblflBJlflJIH CneKTpO(J)OTOMeTpHHeCKHMH MeTO- 
ttaMH: X(HKa3bi — no rioicpoBCKOMy m ApnaKOBy (1968), PHKa3bi — no JleBnu- 
KOMy h jxp. (1973). B KanecTBe cyOcipaTOB cnyxcHJiH 0.1 % pacTBopbi HyKJienHo- 
Bbix khcjiot Ha aueiaTHOM Gycpepe, pH HHK 5.0, pH PHK 5.2. Aktmbhoctb Hy- 
KJiea3 BbipaxcanH b AE 260 Ha 1 r cbiporo Beca TKaHM mjim Ha 1 Mr 6enKa 3a 1 mmh 
npn 30°. 
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JXn h onpe^ejieHMH aKTHBHOCTH p-rjnoK03Hua3bi Hcnojib30BajiM uqtojx, pa3pa6o- 
TaHHblM B Jia6opaTOpHH riOKpOBCKOrO (IlOKpOBCKHM H JX p., 1971). Cy6CTpaTOM 
cjiyxcnji n-HHTpoc|)eHHJi-p, D-rjiK)KonHpaH03H£ Ha UHTpaTHOM 6ycJ)epe, pH 5.0. 
JXn h onpe^ejieHHH upyron rjiHK03Hua3bi — p-rajiaKT03Hua3bi Hcnojib30BajiH mctou, 
npe^jioxeHHbiH BappeTOM h Xhtom (1980). Cy6cTpaTOM b otom cjiyuae hbjihctch 
n-HHTpoc|)eHHJi-p, D-rajiaKTonHpaH03H/i Ha UHTpaTHOM 6ycJ)epe, pH 4.0. Akthb- 
HOCTb o6eHx rjiHK03H£a3 BbipaxcajiH b mkM n-HHTpoc|)eHOJia 3a 1 mhh Ha 1 r cbipon 
TKaHH hjih 1 Mr 6ejiKa b ycjiOBHnx peaKUHH. 

npH Onpe^eJieHHH aKTHBHOCTH KHCJIOH (|)OCCi)aTa3bI HCn0JIb30BaJIH CneUHC|)HH- 
Hbin ujih jiH3ocoMajibHon (J)opMbi cjjepMeHTa cyOdpaT — p-rjiHuepoc|)oc(|)aT (Eap- 
peT, Xht, 1980). AKTHBHOCTb (J)epMeHTa Bbipaxcajin b MHKporpaMMax o6pa30BaB- 
rnerocH b pe3yjibTaie rnupojiH3a HeopraHHuecKoro cJ)oc(J)opa (P in ), kojihhcctbo 
nocjie^Hero bmhbjihjih no peaKUHH c xpoMoreHHbiM peaKTHBOM. OnpeuejieHHe aK¬ 
THBHOCTH mejioHHOH c|)oc(J)aTa3bi npoBounjin no MeTOuy Eeccen c coaBTopaMH 
B MOOT(J)HKaUHH FlOKpOBCKOrO (EHOXHMHHeCKHe MeTOUbl..., 1969), CyOCTpaTOM 
6bui n-HHTpo(J)eHHJicJ)oc4)aT HaTpnn Ha UHTpaTHOM 6ycJ)epe, pH 10.5. Akthbhoctb 
3Toro cJ)epMeHTa Bbipaxcajin b mhkpomojihx OTiuenHBiuerocH b pe3yjibTaTe peaKUHH 
n-HHTpo4)eHOJia 3a 1 mhh. 

Ajib£OJia3Hyio aKTHBHOCTb ((J)pyKT030UH(})0C(})aTajibU0Jia3a) bmhbjihjih kojioph- 
MeTpnqecKHM MeraaoM, ocHOBaHHbiM Ha onpeuejieHHH hhtchchbhocth OKpacKH 
rn,apa30HOB, o6pa3yioiHHXCH b pe3yjibTaTe B3aHMOueHCTBHH npouyKTOB pacmenjie- 
HHH (J)pyKT030- 1 , 6-aHCpOCCpaTa C 2, 4-£HHHTpO(})eHHJirH,Iipa3HHOM B meJIOHHOH 
cpeue (OnjiHnnoBHH h ap., 1982). MHTeHCHBHOCTb OKpacKH pacTBopoB nponop- 
UHOHajIbHa aKTHBHOCTH CpepMeHTB, KOTOpyiO BbipaXCaJIH B yCJIOBHbIX e^HHHUaX 
AE 536 3a 1 mhh peaKUHH. CouepxaHne 6ejiKa b npo6ax onpeuejinjin no MeTOuy JIo- 
ypn (BnoxHMHHecKHe MeToubi..., 1969). 

nojiyneHHbie pe3yjibTa™ o6pa6aTbmajiH CTaTHCTHuecKH oOmenpHHHTbiMH Me- 
TouaMH, oueHHBan uocTOBepHOCTb pa3JiHHHH no HenapaMeTpHnecKOMy KpnTepnio 
U BnjiKOKCOHa—MaHHa— Yhthh (fy6jiep, TeHKHH, 1969). 


PE3YJIbTATbI 

HcCJieUOBaHHfl nOKa3aJIH UOBOJIbHO BbICOKHH ypOBeHb aKTHBHOCTH (pepMeHTOB 
b TKaHHX H3yneHHbix oObeKTOB. ConocTaBJieHHe (jjepMeHTHbix npocpHJien napa3HTa 
h xo3HHHa bhhbhjio Hajinune b hhx uepT cxoucTBa h pa3JiHMHH. HanSojibuiHe OTJIH- 
HHH 6bIJTH oOHapyXCeHbl no ypOBHK) aKTHBHOCTH JIH30COMaJIbHbIX HyKJiea3 (pnc. 1) 
h c|)epMeHTa DiHKOJiHTHHecKoro aHcaMOjin — ajibuojia3bi (pnc. 4). 

3HaneHHH aKTHBHOCTH KHCJIbIX rJ!HK03HUa3 B Tejie nJiepOUepKOHUOB H TKaHHX 
KOJIIOUIKH TpeXHDIOH SblJIH UOBOJIbHO 6J1H3KH (pHC. 2). OjIHaKO H JU1H 3THX (J)ep- 
MeHTOB B HeKOTOpbIX CpaBHHBaeMbIX BapnaHTaX MOXCHO OTMeTHTb UOCTOBepHbie OT- 
jihhhh uaHHbix noKa3aTejien y napa3HTa no cpaBHeHHio c 3apaxceHHbiM xo3hhhom. 

nojiHoe cxouctbo Mexuy njiepouepKOHuoM S '. solidus h pbi6on HaOjnouajiocb 
no aKTHBHOCTH jiH30C0MajibH0H khcjioh (J)oc(i)aTa3bi, HeKOTopbie He Bcerua uo- 
CTOBepHbie OTJIHHHH — no aKTHBHOCTH UHTOnJia3MaTHHeCKOH meJIOHHOH (jjOCCjja- 
Ta3bi (pnc. 3). 

CjieuyeT nojuiepKHyTb, hto 3HauHTejibHbie pa3JiHHHH BbiHBjieHbi KaK Mexcuy 
rejibMHHTOM h 3apaxceHHOH pbi6on, TaK h Mexcuy rejibMHHTOM h He3apaxceH- 
HblM X03HHHOM. fljIH TKaHCH 3apaXCCHHOH H HC3apaXCeHHOH KOJIIOUIKH, HanpOTHB, 
xapaKTepHO 6ojibiuoe cxouctbo no H3yueHHbiM 6 hoxhmhhcckhm noKa3aTejiHM 
(pnc. 1—4), pa3JiHHHH OTMeueHbi TOJibKO no 2 (JiepMeHTaM — PHKa3e h ajibuojia3e. 
fipH 3 tom nojiyneHbi coBnauaiomne pe3yjibTa™ npn pacneTe aKTHBHOCTH cjjepMeH- 
tob Ha 1 r cbiporo Beca TKaHH h Ha Mr 6ejiKa. 


3 naoa3HTOJiorHH. Ns 6. 2003 r. 
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Phc. 1. Akthbhoctb KHCJibix HyKJiea3 b TKa- 
hhx njiepouepKOH^a Sch. solidus (1), 3apa>xeH- 
hoh (2) h He3apax<eHHOH (3) kojhouikh Tpex¬ 
HrjioH (b AE 26 o/MHH/r cbiporo Beca). * — pa3- 
JIHHH5I MeXCHy BapHaHTaMH HOCTOBepHbl. 

Fig. 1. Acid nuclease activity in the tissues of 
the Sch. solidus plerocercoid (1), infested (2) 
and non-infested (3) three-spined stickleback 
(AE 26 o/min/g wet weight). * — differences bet¬ 
ween variants are reliable and significant. 


Phc. 2. Akthbhoctb jiH3ocoMajibHbix p-nno- 
K03H^a3bi h p-rajiaKT03Hna3bi b TKaHnx miepo- 
uepKonaa Sch. solidus h kojhouikh TpexHrjioH 
(b MHKpOMOJIb n-HHTpO^eHOJia/MHH/r Cbiporo 
Beca). 

06o3HaHeHHa 3^ecb h najree, Kax Ha puc. 1. 

Fig. 2. Lysosomal p-glucosidase and p-ga- 
lactosidase activity in the tissues of the Sch. so¬ 
lidus plerocercoid and the three-spined stickle¬ 
back (pmol p-nitrophenol/min/g wet weight). 
Symbols here and further like in fig. 1. 
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Phc. 3. Akthbhoctb khcjioh (b mkt P in /r cbi¬ 
poro Beca/MHH) H meJIOHHOH (b MHKpOMOJIb 
n-HHTpocpeHOJia/MHH/r cbiporo Beca, 1 x 10 -2 ) 
4)oc4)aTa3 b TKaHnx njiepouepKOHna Sch. so¬ 
lidus H KOJHOUIKH TpeXHDIOH. 

Fig. 3. Acid (pg Pin/g wet weight/min) and 
alkaline (pmol p-nitrophenol/min/g wet weight, 
1 x 10~ 2 ) phosphatase activity in the tissues of 
the Sch. solidus plerocercoid and the three- 
spined stickleback. 
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Phc. 4. Akthbhoctb ajibnojia3bi b tkbhhx njie- 
pouepKOHua Sch. solidus h KOJiiomKH TpexHrjioH 
(b AE 536 A Cbiporo Beca/MHH). 

Fig. 4. Aldolase activity in the tissues of the 
Sch. solidus plerocercoid and the three-spined 
stickleback (AE 53 6/g wet weight/min). 
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OEcyayjEHiiE 


M3yneHHe MexaHH3MOB TpO(|)HHeCKHX OTHOlIieHHH B napa3HTO-X03HHHHbIX CHC- 
TeMax uecToubi—pbi6bi npeucTaBjineTCH HCKjnoHHTeubHO HHTepecHbiM, TaK KaK 
auanTaunn k 3Huonapa3HTH3My y iijiockhx nepBen conpoBoxuauacb nepexouoM 
(JtyHKUHH aCCHMHJlflUHH H BCaCbIBaHHfl BemeCTB OT KHlUeHHHKa K IIOKpOBaM. 

MMeiomHecH k HacTonmeMy BpeMeHH uaHHbie yKa3biBaioT Ha 3HaHHTeubHoe cxou- 
ctbo cTpyKTypHo-(J)yHKUHOHajibHOH opraHH3auHH nHmeBapHTejibHo-TpaHcnopT- 
hhx CHCTeM napa3HTa h xo3HHHa (KynepMaH, 1988; M3BCKOBa, 1991). Pojib Hccue- 
UOBaHHbix b uaHHon pa6oTe 4>epMeHTOB b npoueccax auanTaunn h MexaHH3Max 
3K30Tp0(J)HH X03HCB (pbl6) OCBemeHbl UOBOJIbHO nOUpoSHO (YrOJieB, Ky3bMH- 
Ha, 1993). CBeueHnn, Kacaioiunxcn 4>epMeHTHoro Ha6opa h (JjyHKUHH jih3oco- 
MajibHoro annapaTa y uecrou, oco6eHHO napa3HTHpyiomHx b nojioc™ Tejia pbi6, 
KpaiiHe Majio. 

CjioxcHBiHHecH b npouecce B3anMHon auanTaunn Tpocj)HHecKHe B3anMOOTHO- 
uieHHH b cHCTeMe napa3HT— xo3hhh, npHo6peTeHHe iijiockhmh nepBHMH cnocod- 
hocth norjiomaTb nnmy noBepxHOCTbio Tejia npHBejin k TOMy, hto y hhx omajia 
HauodHOCTb b moiuhom apceHajie pa3HOo6pa3Hbix rnupojia3. OuHaxo, KaK noKa3a- 
jih nccjieuoBaHHH, b TeryMeHTe nuepouepKonuoB Sch . solidus BbiHBjieH ypoBeHb aK- 
THBHOCTH rHUpOJIHTHHeCKHX (J)epMeHTOB, BnOJIHe COnOCTaBHMblH C aKTHBHOCTbK) 
OUHOHMCHHblX rH^pOJia3 B TKaHHX X03HHHa. 

BceMH Hccjie^OBaTejiHMH npn3HaioTCH ynacme h Ba^Han pojib KHCJibix rnupo- 
Jia3 y uecrou h upyrnx napa3HTHnecKHx opraHH3MOB KaK b npoueccax HHBa3HH h 
pacmenjieHHH TKaHen xo3HHHa b MecTax jioKajiH3auHH napa3HTa (Reader, 1976; 
Aikawa, Kilejian, 1979; Hulinska, 1979; Coggins, 1980; Matskasi, Nemeth, 1980; 
CnuopoB h up., 1989), TaK h b npoueccax BHyTpnKjieTOHHoro nmueBapeHnn. ITo- 
Ka3aHo, hto MexaHH3M npoHHKHOBeHHH 6ejiKOB nepe3 noKpoBbi uecrou aHauorn- 
neH nnH0UHT03y, mnpoKO pacnpocTpaHeHHOMy y 6ecno3BOHOHHbix (HlnniOBa-Ka- 
caTOHKHHa, JleyTCKaH, 1979). B TeryMeHTe njiocKnx nepBen odHapyxceHbi nnHOun- 
T03Hbie ny3bipbKH, nepBHHHbie H BTOpHHHbie JIH30C0MbI, B KOTOpbIX BbIHBJieHa 

BbicoKaH aKTHBHOCTb khcjioh cf>oc(t)aTa3bi (Threadgold, Hopkins, 1981; Polja- 
kova-Krusteva e. a., 1985). 

B xoue 3BOJHOUHH CHCTeMbI napa3HT—X03HHH Hapnuy C aHTHreHHOM MHMHKpn- 
en napa3HTOB cuoxcnuncb MexaHH3Mbi B3anMHoro bjihhhhh KOMnoHeHTOB cncTeMbi 
upyr Ha upyra, odecnennBaiomHe b uejioM ee CTa6HjiH3auHio h onraMajibHbie ycuo- 
bhh xcH3HeucHTejibHOCTH ouHoro h upyroro. TaK, napa3HT npouyunpyeT HMMyHo- 
uenpeccHBHbie BemecTBa hjih jiH3ocoMajibHbie (J)epMeHTbi, hto6m odecnennTb yc- 
TOHHHBOCTb K HMMyHHOH CHCTeMe X03flHHa, a HHBa3HpOBaHHbie XCHBOTHbie BblUe- 
JIHIOT HMMyHODIOdyjIHHbl, C nOMOIUblO KOTOpbIX CBH3bIBaiOTCH 3TH (J)epMeHTbI H 

HHTHdHpyeTCH hx aKTHBHOCTb (flaBbiuoB, Mhkphkob, 1988; CHUOPOB H up., 1989; 
Dowd e. a., 1992; Wijffelse. a., 1993). B nacraocTH, b npoueccax HHBa3HH napa3HTa 
h jiH3Hce TKaHen xo3HHHa BaxcHan pojib otbouhtch UH3ocoMaubHbiM npoTea3aM h 
rnauypoHHua3e (napxoMeHKO h up., 1993). nocueuHHH THupouH3yeT rnauypoHO- 
Byio KHCJiOTy — MyKonouHcaxapnu, bxouhiuhh b ochobhoc BeiuecTBO mhothx bh- 
UOB COeUHHHTeUbHbIX TKaHeH, CHHOBHajlbHyiO XCHUKOCTb H MeXKJieTOHHOe BemeCT- 
bo. B accounauHH c deuKaMH rnajiypoHOBan khcuotb h upyrne rjiHK03aMHHorjin- 
KaHbi, odHapy^ceHHbie b runKOKauHKce, o6pa3yiOT oneHb BH3Kne pacTBopbi. 3to 
CBOHCTBO OdecneHHBaeT CTOHKOCTb TKaHen H KUeTOK OT npOHHKHOBeHHH HH(J)eK- 
unn, 3amnmaeT ot noBpexcuaioiunx bo3uchctbhh. riouodHoro poua 3amHTHbiM 
cuoeM «cjih3h» noKpbiTO n Tejio reubMHHTa. 3KCKpeTnpyeMbie reubMHHTOM (J)ep- 
MeHTbl, B TOM HHCJie UH30C0MaUbHbie rJIHK03HUa3bI H npOTea3bI, B03UeHCTByK)T Ha 
MyKonouncaxapHUbi h 6euKH, b pe3yubTaTe Hero 3amnTHbin cjioh pa3:*aoKaeTCfl, 
CTaHOBHTCH npoHHuaeMbiM. Bhuhmo, HMeHHo TaKon MexaHH3M odecnenHBaeT 
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npOHHKHOBeHHe H npO^BHXeHHe rejlbMHHTOB B TKaHHX npOMexeyTOHHbIX H OKOH- 
naTejibHbix xo3HeB. B cneunajibHbix CTpyKTypax OHKoc(J)ep h npouepKonaoB hh3- 
ihhx uecTO,a — xce;ie3ax npoHHKHOBeHHH rncToxHMHHecKH noKa3aHO HajiHHHe 
KHCJibix MyKonojiHcaxapw^oB, rjiHKoreHa h 6e;iKa. B cexpeTax othx xcejie3Hcrax 
06pa30BaHHH BbIHBJieHa aKTHBHOCTb TaKHX TH^pOJia3, KaK MyKOnOJlHCaxapH^a3bI, 
npoTea3bi h rnajiypoHH,aa3a (Heath, 1971 [uht. no: KynepMaH, 1988]). Y njiepo- 
uepKon^oB ceM. Ligulidae H3 nojiocTH Tejia pbi6 xcejie3HCTbie KOMnjieKCbi pacnojio- 
xceHbi He TOJibKo b odjiacTH nepe^Hero KOHua, ho h Ha jiaTepajibHOH noBepxHOCTH. 
C ^encTBneM cexpeTa 3thx xcejie3 CBH3biBaiOT 3HaHmejibHbiH namnornHecKHn 3<J)- 
4>eKT njiepouepKOHzioB peMHeuoB Ha pbi6 (KynepMaH, 1988). 06HapyxceHne aK- 
THBHblX KHCJibix THJipOJia3, B TOM HHCJie rjIHK03HJia3, B TKaHHX nJiepOItepKOHJIOB 
Sch. solidus , eme pa3 nojiTBepxcjiaeT ynacrae jiH30C0MajibHbix cjjepMeHTOB b 3amnT- 
HblX dHOXHMHHeCKHX peaKUHHX napa3MTa Ha B03JieHCTBHe X03HHHa. 

Hapnjiy c BbinojiHeHHeM (jjyHKUHH xnMHHecKOH n HMMyHOJiorHnecKOH 3amMTbi 
rjiHKOKajiMKC noBepxHOCTHoii MeMdpaHbi TeryMema uecToa hbjihctch BaxcHenniHM 
KOMnoHeHTOM nnmeBapHTejibHO-TpaHcnopTHOH CHCTeMbi. Flpn H3yneHHH otoh 
CHCTeMbi y uecToa 6biJio noKa3aHO HajiHHHe TaKHX nHmeBapnTejibHbix (JiepMeHTOB, 
KaK aMHJia3a, Ma;ibTa3a, caxapa3a, npoTea3bi (npenMymecTBeHHo mejioHHbie), me- 
jiOHHan h KHCjian (J)oc(J)aTa3bi (flaBbmoB, 1979). YcTaHOBJieHbi bo3moxchoctb a6- 
copduHH Ha noBepxHocra TeryMema rejlbMHHTOB (JjepMemoB xo3HHHa h ynacrae 
hx b npoueccax nnmeBapeHHH (IIlHiiioBa-KacaTOHKHHa, JleyTCKan, 1979; Kynep¬ 
MaH, 1988; H3BeKOBa, 1991). Ecjih jijih nemo#, napa3HTnpyiomHx b KHnienHHKe, 
cymecTByeT TaKan bo3moxchoctb Hcno;ib30BaHHH nmpojiHTHnecKoro annapaTa xo- 
3HHHa, to njiepouepKOHjibi H3 nojioc™ Tejia pbidbi ocymecTBJiniOT rn,apojiH3 cy6- 
CTpaTOB, odxojiHCb rjiaBHbiM o6pa30M HadopoM codcTBeHHbix (jjepMeHTOB. Mop- 
4)OJiorHHecKH noKpoBbi njiepouepKOHjiOB nojiocTHbix uecTOji orannaiOTCH yzuin- 
HeHHblMH MHKpOTpHXHHMH, HaJIHHHeM BbipOCTOB H TOJICTbIM CJIOeM DIHKOKaJIHKCa. 
3a cneT TaKoro yBejiHneHHH njiomajiH noBepxHOCTH ycnjiHBaeTCH TpocjjHHecKan 
4>yHKUHH napa3HTa (KynepMaH, 1988). 

B npouecce ycBoeHHH dejiKOB h jipyrnx BemecTB, 3aKjnoHHTejibHbie 3Tanbi ko- 
Toporo ocymecTBJiHioTCH c noMombio MexaHH3MOB MeMdpaHHoro (H3BeKOBa, 1991) 
h BHyTpHKJieTOHHoro nHmeBapeHHH, npHHHMaiOT ynacrae (jjepMembi jih30com. 
B opraHH3Me xo3HHHa 3th npoueccbi nponcxouHT b cjih3hctoh KHmenHHKa. 
Y rejibMHHTa Te xce (jjepMembi ocymecTBJiniOT aHajiornnHbie npoueccbi b noKpoBax 
Tejia. CouepxamnecH b jiH30C0Max TeryMema pa3Hoo6pa3Hbie rnupojia3bi no3Bo- 
jihiot rejibMHmaM pacmenjiHTb h Hcno;ib30BaTb ujih 6nocnHTe3a h 3Heproo6ecne- 
neHHH Bee HeodxojiHMbie BemecTBa. PaHee coodmajiocb 06 odHapyxceHHM b tkbhhx 
UeCTOJI KHCJibix npOTeOJIHTHHeCKHX 4>epMeHTOB H KHCJIOH (|)OC(J)aTa3bI — MapKep- 
Horo 4)epMema jih30Com. TaK, nccjieuoBaHHH, npoBeueHHbie Ha B3pocjibix h jihhh- 
hohhmx (fiopMax uecToa, napa 3 HTHpyiomHx b pbi 6 ax, b tom HHCJie h Ha Sch. solidus 
H 3 kojiioihkh (UlniiioBa-KacaTOHKHHa, JleyTCKan, 1979; H 3 BeKOBa, 1991; Matsk&si, 
Nemeth, 1980) bmhbhjih HajiHHHe b hx TeryMeme KHCJibix npoTea3. npn otom ot- 
Menajiocb, hto y jihhhhok uecTOU ypoBeHb aKTHBHOCTH KaTencHHOB 6hji Bbime, 
neM y HMarHHajibHbix c{)opM. HencHbiM ocTaBajicn Bonpoc o h3jihhhh khcjihx rnu- 
pojia3, cnocodHbix pacmenjiHTbupyrne, KpoMe dejiKOB h (JiocctiopHbix 3(J)npoB, cy 6 - 
CTpara. KaK noKa3ajiH Hanin nccjieuoBaHHH, b tkbhhx uecTou ecTb cJiepMembi, 
ocymecTBJiHiomne rnupojiH3 HyicnenHOBbix khcjiot, ynieBouoB, rjiHKOJiHnnuoB, 
rjiHKonpoTeHHOB h MHornx jtpyrnx BemecTB. no uaHHbiM KynepMaHa (1988), 
b KneTKax TeryMeHTa uecTojt npncyTCTByiOT 6 ojibmoe hhcjio Be3yKyji, rpaHyji, pn- 
6ocom, xopomo pa3BHTbin rpaHyjinpHbiH peraKyjiyM h annapaT TojibjoKH, b koto- 
poM, KaK H3BecTHO, (jjopMHpyiOTCH nepBHHHbie jiH30C0Mbi — opraHejuibi, cojiepxca- 
mne b jiaTemHOM coctohhhh HecKOJibKo jiecHTKOB rnjipojiHTHHecKHx 4)epMemoB, 
npOHBJIHIOmHX aKTHBHOCTb npH KHCJibix 3HaneHHHX pH (AjldepTC H JX p., 1994). 
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y^HTblBafl 3TH CBe^eHHH, MOXCHO npe^nOJlOXHTb, HTO JIH30C0MbI reJlbMHHTOB co- 
uepxcaT Taxon xce o6uinpHbiH Ha6op khcjimx rHupojia3, KaKon xapaKTepeH h ujih 
upyrnx xcHBbix opraHH3MOB (BappeT, Xht, 1980). 

AKTHBHOCTb OTUeJIbHbIX JlH30C0MaJlbHbIX rHUpOJia3 MOXCeT MCHHTbCH B 3aBHCH- 
MOCTH OT CTa/lHH OHTOreHC3a, (|)H3H0J10rHHeCK0r0 COCTOflHHfl, H3MeHeHHH yCJIOBHH 
cpeubi oOHTaHHH h upyrnx c^aKTopoB. BbiHBjieHHbin HaMH BbicoKHH ypoBeHb aK¬ 
THBHOCTH HyKJiea3 y miepouepKOH^OB Sch. solidus OTpaxcaeT hhtchchbho nponcxo- 
unmHe b opraHH3Me rejibMHHTa Ha 3toh CTaunn npoueccbi 6HOCHHTe3a. OcodeHHO- 
CTbio 3Toro bwm uecTOu, KaK OTMenajiocb Bbime, hbjihctch to, hto Ha CTaunn njie- 
pouepKOH^a, Korua napa3HT hhtchchbho pacieT, uocTHran dojibiiinx pa3MepoB, 
y hhx npoTeicaeT Mop(J)oreHe3 nojiOBOH CHCTeMbi. fljia Bcex 3thx npeo6pa30BaHHH 
opraHH3M uojixcch 6biTb odecneneH dojibiHHM kojihhcctbom miacTHHecKHx h 3Hep- 
reTHnecKHx MaiepHajioB. B 3HanHTejibHOH Mepe uocTaBKa MaiepHajiOB nponcxouHT 
3a cneT aKTHBHoro nHH0UHT03a h uajibHenmero pacmenjieHHH couepxcHMoro nn- 
H0UHT03HbIX ny3bipbKOB (J)epMCHTaMH BTOpHHHbIX J1H30C0M, 06pa3yiOlUHXCfl B pe- 
3yjibTaTe cjihhhhh nHH0UHT03Hbix BaKyojien h nepBHHHbix jih30com (Threadgold, 
Hopkins, 1981). 

C HHTeHCHBHbIM npOUeCCOM pOCTa CJie,ayeT CBH3aTb H aKTHBHOCTb meJIOHHOH 
4)oc4)aTa3bi. 3tot cJ)epMeHT peryjinpyeT MHorne peaKUHH Mexa6ojiH3Ma, cBH3aH 
c 3HepreTHHecKHM o6mchom. T hctoxhmhhcckhmh MCTO^aMH 6buio noKa3aHO, hto 
aKTHBHOCTb LUeJIOHHOH ({)OC(J)aTa3bI BblHBJIHCTCH B ynaCTKaX CTpodHJlbl UeCTOU C HH¬ 
TeHCHBHbIM opraHoreHe30M (flaBbmoB, 1979; Hulinska, 1979). KaK cjieuyeT H3 
npHBeAeHHbix b HacTonmen pa6oTe uaHHbix, o6iuhh ypoBeHb aKTHBHOCTH mejion- 
hoh 4)oc4)aTa3bi y njiepouepKonua Sch. solidus npaKTHnecKH He OTJiHHaeTcn ot Ta- 
koboto y xo3HHHa. B to xce BpeMH aKTHBHOCTb BaxcHenuiero (t)epMeHTa ynieBOUHO- 
ro odMeHa — ajibuojia3bi — y rejibMHHTa uocTOBepHo Bbiine. nojiyneHHbie uaHHbie 
no3BOJi5HOT cuejiaTb BbiBou o tom, hto 3HaHHTejibHbie 3HepreTHnecKHe noTpedHO- 
cth hhtchchbho pacTymero njiepouepKOHaa odecnenHBaiOTCH 3a cneT TJiHKOJiH3a. 
06mch ynieBouoB, HBjiniomHxcfl caMbiM BaxcHbiM hctohhhkom OHeprnn jum rejib- 
mhhtob, npnodpeji b npouecce auanTaunn k napa3HTH3My pm CBoeo6pa3Hbix 
OCOdeHHOCTeH. npHCnOCOdJIHeMOCTb K pa3JlHHHbIM yCJIOBHHM B 3HaHHTeJIbHOH 
Mepe 3aBHCHT ot hhtchchbhocth OHepreTHnecKHx npoueccoB, a nepeKJiioHeHHe 
c aspodHoro pacmenjieHHH yrjieBOuoB Ha rjiHKOJiHTHnecKHH nyTb — ouHa H3 Han- 
6ojiee odbiHHbix 6hoxhmhhcckhx peaKUHH rnupodHOHTOB npn rnnoKCHHecKHx 
ycjiOBHHX (Bnprep, 1979). npn pacxouoBaHHH ochobhmx 3anacoB 3HepreTHne- 
ckhx MaTepnajiOB, MoryT BKJHOHaTbcn ajibTepHaTHBHbie MexaHH3Mbi nojmepxcaHHH 
6no3HepreTHKH TKaHen, npn 3tom B03pacTaeT ponb 4)occ{)aTa3, jiH30C0MajibHbix 
rimK03ma3. 

B nojib3y Toro, hto ajibuojia3a hbjihctch ouhhm H3 auanTHBHbix (J)epMeHTOB, ro- 
BOpHT H H3MeHeHHe ee aKTHBHOCTH Hapwy c JIH30C0MaJIbH0H PHKa30H KaK peaK¬ 
UHH Ha 3apaxceHne kojhoiukh rejibMHHTOM. 

TaKHM o6pa30M, conocTaBjieHHe (J)epMeHTHbix npo^HJien rejibMHHTa h ero xo- 
3HHHa — pbldbl BblflBHJIO HajIHHHe B HHX HepT CXOUCTBa H pa3JIHHHH. AKTHBHOCTb 
dojibiiiHHCTBa H3yneHHbix (J)epMeHTOB b Tejie njiepouepKonuoB Sch. solidus , 6bi- 
jia Bbime, neM b tkbhhx kojhoihkh TpexnrjiOH. no ypoBHio aKTHBHOCTH h xapaKTe- 
py BapbnpoBaHHH khcjimx HyKJiea3 h ajibuojia3bi napa3HT 3HanHMO OTJiHHajicn 
KaK ot 3apaxceHHoro, TaK h He3apaxceHHoro xo3HHHa, hto OTpaxcaeT ocodeHHO- 
cth MeTa6ojiH3Ma dbiCTpo pa3BHBaiomerocH nepBH b cneuH({)HHecKHx ycjiOBHnx 
OdHTaHHH. 

nojiyneHHbie uaHHbie cBHueTejibCTByioT o BaxcHon pojin jiH30C0MajibHbix thu- 
pojia3, mejioHHOH (})oc(J)aTa3bi h ajibuojia3bi b npoueccax HHBa3HH, nHTaHHH h 
3Heproo6ecneHeHHH rejibMHHTa, a Taicxce b 3amHTHbix peaKunnx o6ohx komhohch- 
tob napa3HTapHOH CHCTeMbi. 
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A COMPARATIVE BIOCHEMICAL RESEARCH 
IN THE SCHISTOCEPHALUS SOLIDUS (CESTODA) - 
THREE-SPINED STICKLEBACK GASTEROSTEUS ACULEATUS SYSTEM 

R. U. Vysotskaya, E. P. Ieshko, N. V. Yevseyeva 

Key words: fish, cestode, host-parasite interactions, lysosomal hydrolases, alkaline phos¬ 
phatase, aldolase, adaptation. 


SUMMARY 

The activity of five lysosomal hydrolases (acid phosphatase, DNAase, RNAase, p-glu- 
cosidase, p-galactosidase), alkaline phosphatase and aldolase have been examined in tissues 
of the cestode Schistocephalus solidus (Muller, 1776) and the three-spined stickleback 
Gasterosteus aculeatus (L.) forming a stable parasite-host system. As a rule, the activity of 
enzymes was higher in a cestode body than in fish tissues. The acid and alkaline phosphatases 
were the exception. The activity and variation of lysosomal nucleases and aldolase in the 
parasite differed notably from those in both infested and healthy hosts. The paper discusses the 
role of lysosomal and cytoplasmic enzymes in a cestode adaptation to parasitism, as well as in 
the mechanisms of the host's chemical and immunological response to infection. 
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